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(54) FURAN, PYRROLE AND TfflOPHENE DERIVATIVES 

(71) We, John Wyeth & Brother Limited, of Huntercombe Lane South, 
Taplow, Maidenhead, Berkshire, a British Company, do hereby declare the invention 
for which we pray that a patent may be granted to us, and the method by which 
it is to be performed, to be particularly described in and by the following state- 
ment:— 

This invention relates to novel heterocyclic aromatic compounds, to processes 
for the preparation thereof and to pharmaceutical compositions containing such com- 
pounds. The heterocyclic aromatic compounds concerned in this invention are furans> 
thiophenes and pyrroles substituted by two aryl groups and an aliphatic add group 
containing from two to six carbon atoms or a derivative thereof. 
The present invention provides compounds of die general formula " 



§ in which X is oxygen, sulphur or — NY — * Ar and Ar 1 are aryl radicals (which in- 1] 
chides in the description below heteroaryl radicals) and which may be the same or" 
different; R is an aliphatic acid radical containing from two to six carbon atoms or 
a functional derivative thereof, said aliphatic acid radical or functional derivative 
thereof being attached to the heterocyclic ring by a carbon atom of the aliphatic 
chain, Y is a hydrogen atom or an alfcyl, cydoalkyl, aralkyi, aryl or heteroaryl radical 
which may for example be substituted particularly by halogen, nitrp, trifluoromethyl 
or alkoxy groups or an acyi radical, and Z is a hydrogen atom or an alkyl radical. 
It is to be understood that one of the radicals Ar, Ar 1 and R is in the 2-position and 
the remaining two of these three radicals are in other positions round the ring exclud- 
ing the 1-position (i.e. excluding the hetero atom position). Thus, die aryl groups can 

be in the 2- and 4-positions, the 2- and 3- positions, the 3- and 4- positions, the 3- 

and 5* positions or the 2- and 5- positions, die radical R being substituted on one of 
the remaining carbon atoms, and Z being substituted on the last remaining carbon 
atom. 

The compounds of the above general formula exhibit pharmacological activity 
[Price 2Sp) 
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for example anti-inflammatoiy activity as shown by tests on warm-blooded animals 
and/or are intermediates in the preparation of other substituted furans, thiophenes and 

^ESmples of radicals Ar and Ar 1 are unsubsumted phenyl, or phenyl substituted 
bv haloeen (for example by fluorine, chlorine or bromine), by lower alkyl containing 5 
Z to sfc carbon atoni (e.g. methyl, ethyl, propyl or butyl), by lower alkoxy ^tam- 
ing up to sis carbon atoms (e.g. by methoxy, etboxy, propoxy or butoxy), by nroro, 
bf amino finduding alkyl substituted amino groups) in particular by d^lammo 
(Ik. dimethylamino), by trifluorometfayl ; by mercapto, by methylthio or by methyl- 
10 sulphonyl, as well as 1- and 2- naphthyi, 2- and 3- furyl, 2- and 3- thienyi and 2-, 10 
10 pyridyl. The radical R preferably is an aliphatic aad radical containing 

from two to six carbon atoms more preferably from 2 to 4 carbon atoms and which 
is attached to the heterocyclic ring by a carbon atom of the aliphauc chain, or is a 
suitable functional derivative thereof, eg. an ester, amide, salt or hydroxamic aad 
15 derivative thereof. Preferred examples of iadicals R are acetic, ^-propionic, iso-pro- 15 
pionic, and butyric add radicals as well as unsaturated acid rachcals, such as acryli? 
acid. Acid radicals containing more than one add residue are iiiduded. If the aad 
is in the form of an ester it is preferably the alkyl ester such as ethyl ester. The alkyl 
* or alkoxy groups preferably contain 1 to 4 carbon atoms. # , 

20 Examples of Z are a hydrogen atom, lower alkyl radicals having up to six carbon 20 

atoms, particularly methvl, ethyl, propyl or butyl. Examples of Y are lower alkyl 
radicals as just mentioned and cycloalkyl radicals such as cydopentyl and cydohexyl, 
aralkyl radicals such as benzyl, phenethyl and 1- or 2- phenyl propyl, aryl radicals 
such as phenyl or 1- or 2- nanhthyl and heteroaryl radicals such as 1- or 2-tnienyl 
25 or furyl, 2-, 3- cr 4-pvridyl, 2- or 3-indoIyl and 1- or 2-pyrrolyl which may be sub- 25 
stituted by any of the'substituents mentioned above for Ar and Ar 1 , or Y can be the 
acvl residue of an inorganic oxv-add such as an aryl sulphonic add or alkyl sulphonic 
aad or of an organic carboxylic add, particularly Y can be an alkanoyl, cydoalkanoyl, 
aralkanoyl, arcyl or hetercaroyl residue which can be substituted in the last three 
30 cases as aforesaid for Ar and Ar 1 . 

These compounds of general formula (T; may be prepared by cychsing a sub- 
stituted butane precursor of the pyrrole, furan or thiophene nudeus by treatment with 
a cyclising agent, the substituted butane precursor being appropriately substituted ^ by 
the radicals Ar, Ar 1 , Z and R l where R 1 is the same as R or is a radical convertible 
35 thereto and being further substituted at the 1- and/or 4-positions by reactive atoms 
or "roups capable of reacting with the cyclising agent to form the desired pyrrole, 
furan or thiophene nudeus. The precursor generally is a 1,4-dioxobutanc appropriately 
substituted by the radicals Ar, Ar 1 , Z and R 1 where R 1 is the same as R or is a radical 
convertible thereto. Such a precursor is a compound having the structure 



35 



B D 

A — C — CI1— CH — C — G 40 

* Jl 

o o 



in which A, B, D and G are selected in any order from Ar 1 , Ar, R 1 and Z* and the 
cyclising agent is capable of simultaneous introduction of the hetero-atom. The com- 
pounds of general formula (IT) can be prepared by reacting an enamine with a 1- 
halo-2-ketoethane, as is described below for the individual special isomers. R 
45 generally is the aliphatic add. or an alkyl ester thereof, which is desired as radical R. 45 
In order to form a pyrrole, a compound of general formula (II) can be heated 
in the presence of ammonia, urea or a primary amine YNH. or salt thereof, preferably 
by heating with ammonium acetate. This is a standard type of reaction for the prepara- 
tion of pyrroles and may, for example, be carried out at temperatures of 70— lOO^C. 
In this reaction the radical R 1 preferably is an aliphatic add group. On the other 50 
hand, in order to prepare a furan or thiophene from the compound of general formula 
(II) R 1 p^eferablv is an ester of an aliphatic acid (e.g. the ethyl acetate), in which case 
the said compound dther can be heated with a dehydrating and cychsing agent (pre- 
ferably an acidic dehydrating agent such as sulphuric add or a sulphonic add or 
55 phosphorus pentoside)* to give the furan or can be heated with a sulphur-donating 55 
dehydrating and cyclising agent (preferably phosphorus pentasulphide or a mixture of 
hydrogen sulphide and a strong add such as a hydrohalk add) to give the thiophene. 
The ester group in the ensuing compound can be hydrolysed in standard manner to 
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give the more preferred acid. An inert organic solvent, eg. benzene or chloroform may 
be present when preparing the furan or thiophene. 

The process for preparing the compounds of the invention is illustrated in more 
detail below, in which Ar, Ar 1 , and R 1 have the meanings defined above, Hal is a 

5 halogen atom and HNEF is an amine (e.g. morpholine) used to form the enamine. In 5 
the amine HNEF, the groups £ and F may be the same or different and may be alkyl, 
aralkyl or aryl radicals. When £ and F are bom alkyl radicals they may be con- 
catenated to form a heterocyclic ring with the nitrogen atom to which they are 
attached, which heterocyclic ring may also contain a further hetero-atom. 

10 (1) The reaction of an enamine of formula (EQa) with a haloketone of formula 10 

(UJb) yields a l^-diaryl-l,4-dicarbonyl compound of formula (IHc) which is cydised 
as described above to the 3^-diaryl-Z-R 1 product of formula (Hid). 



m f Mib) h(c) m(d) 



(2) In a similar manner, the reaction of an enamine of formula (IVa) with a 
15 haloketone of formula (IVb) yields a l,4-diaiyH,4-dkarbonyl compound of formula 15 
7c) which is cydised as described above to the 2^-diaryl-3-R l product of formula 

K ?' K S' z a' 
Vy* *H lr b_/V\i - 

, .. i(t) ... . s(c) „ .; ; - 

The 1,4-diaryl- 1 ,4-dicarbony I co mp o u nds of formula IV(c) wherein Ar and Ar 1 



20 are the same and R l represents the diethyl malonate residue (Le. — C . (C00Et) 2 20 

where R 2 is a hydrogen atom or a lower alkyl residue) can be prepared by Michael 

addition of the appropriate malonate to a dibenzoyl ethylene of formula IV(e). This 

may be cyclised to IV(d) wherein R 1 represents the diethyl malonate residue defined 

above, or hydrolysed and decarboxylated to give compounds of formula IV(c) wherein 

R 1 now represents an acetic or substituted acetic add residue and then cydised to 25 

compounds of formula IV(d) wherein R l is an acetic or substituted acetic add residue. 



Efe) 

The l 1 4-diaryl-l,4-dicarbonyl compounds of formula IV(c) wherein Ar and Ar 1 
are the same or different and R 1 is an alkoxycaibanyl residue can be prepared by 
alkylating a benzoylacetate of formula IV(f) with a phenacylbromide of formula IV(g) 
in die presence of metallic sodium. 

Cfl2-CO0Alk Br-0!-Z 2 v .COOAIK- 



CO t 

Ar' Ar £0 £0 

*(f) E($ if V 




AH / AH I A>> 

\, Kal-Cff >ji-ch 

\ + 

T(4) F Kti 1(C) Y(d) 



« r4^ The reaction of an erumime of formula (Via) with a hdoketoneof foimuk 

5 (VIbf a S^l-l,-Wfcarbony 1 compound of formuto (VIc) wind, is cycksed 
as described above to die 3>4-diaryl-2-R 1 product of formula (VId). 

Ar Ar' Ar Ar' Ar Ar 

\h Hal-ill CH—CH 



^CH Hal-ill \t-</ \ / 

J + i t — IT, 



H(a) nQ) H(c) 




■v •» j» _r t_ nil ■ a maino a i /^niHrvi- i»«r— uiuuuuui* wmK" > — 10 

10 carbonyl 

formula' ( * -« « 
of formula (Vlld) 

Ar< f ^ }' AH ft' 
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31(a)- Eft) 3D(c) H(d) 

jfiU#£2 fW^S3E^ product of formula Vm(d). 
Ar ? \ f 

C CO CO CO "~ 

m(a) M(b) 11(c) 

The above reactions usually are carried out in solution in an inert organic solvent, 
i_ S„fZ Son mixture. Solvents and reaction conditions known m the art 
by h r^ g J^Tri rSTthiophenes and pyrroles can be used. The starting 20 
^«2L P K?Tbove SSeTare known andate commerciaUy, available, or can 
foUowmTmeSknown in the art for the preparation of compounds 

of that type. 
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Other generally less-preferred methods of preparation of compounds of general 
formula (I) can also be used. For example a compound of the general formula: 



can be prepared following one of the above methods (but with R 1 replaced by hydro- 

5 gen) and then the radical R l can be introduced. Thus, a compound of general formula 5 
(I) can be prepared from a compound of general formula IX using a Reimer-Hemann 
reaction, by treating the compound of general formula IX with chloroform in a 
caustic alkali (e.g. potassium hydroxide) followed by acidification to give a compound 
substituted by a formyl group. The formyl group can be converted to a group of 

10 general formula R in a known manner. The word "known" means in actual use or 10 
described in the literature on the subject Examples of such known means are (a) 
reduction- to a hydroxymethyl group followed by halogenation and reaction with a 
cyanide (e.g. potassium cyanide) to give a nitrile which may then be hydrolysed to 
the amide or acid, and (b) condensation with a malonic ester and if necessary subse- 

15 quent reduction carried out Alternatively again, a compound of general formula IX 15 
preferably when X is an S or O atom can be reacted at temperatures below ambient 
temperature with hydrogen cyanide in an inert solvent which is saturated or nearly 
saturated with a hydrogen halide; the aldehyde formed can then be converted to the 
acid in known manner. A further method involves oxidising the said aldehyde to 

20 the corresponding carboxyi radical by treatment with an alkali metal or alkaline earth 20 
metal hydroxide followed by an Arndt-Eistert reaction. Of course, any equivalent 
method of introducing an aliphatic add group containing two to six carbon atoms 
into a furan, thiophene or pyrrole ring can be used. 

As indicated above, if a compound is produced according to the invention in which 

25 . . the radical R l is a nitrile, this may be hydrolysed to the amide or acid. Alternatively, ™- 25 
the acid may be esterified to give the ester, or the ester may be reacted with hydroxyl- 

amine to give the hydroxamic add derivative. Generally the add is required so that, if _ 

the ester is prepared, this may be hydrolysed. 

R 2 

If R 1 represents a diethyl malonate residue of formula — k . (COOEt) 2 (wherein 
30 R 2 is a hydrogen atom ox lower alkyl residue) this may be hydrolysed to the dicar- _ 30 

— - boxylic acid which in turn can be decarboxylatedjo die z^&_m^^x^9as^ 

add. ... 

Pyrrole compounds in which X is —NY— where Y is an alkyl, cydoalkyl, aralkyl, 
aryl or heteroaryl radical (any of which can be substituted), or an acyl residue, can 
35 be prepared from those in which X is — NH — by alkylation or acylation to introduce 35 
the desired group Y. If desired any other sensitive group in the molecule can be 
protected and the protecting group removed after the alkylation or acylation process. * 
It is convenient to prepare N-alkyl, cydoalkyl, aralkyl, aryl or heteroaryl derivatives 
of the acidic molecules by first protecting the carboxyi group, for instance using an 
40 ethyl ester, carrying out the alkylation reaction and finally removing the protecting 40 
group. When preparing N-acyl derivatives of the addic molecules, the carboxyi group 
is preferably protected by forming the /-butyl ester or benzyl ester these groups being 
finally removed by heating or catalytic hydrogenation respectivdy. 

As the compounds of general formula (I) generally show pharmaceutical activity, 
45 for example, anti-inflammatory activity, the invention provides a pharmaceutical com- 45 
position comprising a compound of general formula (I), and a phannaceutically accept- 
able carrier. ... 

When the compounds of this invention are employed as anti-inflammatory agents 
they can be administered to warm-blooded animals, e.g. mice, rate, rabbits, dogs, cats, 
50 monkeys, etc. alone or as a pharmaceutical composition in combination with pharma- 50 
ceutically acceptable carriers. The carrier may be solid, liquid or cream-like and 

auy suitable carrier known to the art can be used. The composition can be in unit dose 

form 3 for example as tablets or capsules or it can be in the form of a solution. The 
compositions can be ad^ninistered orally or parenterafly by injection and the com- 
55 position can, for parenteral administration, be in the form of a sterile solution or 55 
suspension containing other solutes, for example enough saline or glucose to render 
the solution isotonic. The particular carrier and proportion of carrier to active com- 
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pound will be determined by the nature of the compound, and the chosen route of 
administration and standard pharmaceutical practice. 

The dosage of the active compound will vary with the form of administration 
and the particular compound chosen. Furthermore, it will vary with die particular 
5 subject under treatment Generally, treatment is initiated with small dosages sub- 
stantially less than the optimum dose of the compound. Thereafter, die dosage is in- 
creased by small increments until the optimum effect under the circumstances is 
reached. In general, die compounds of this invention are most desirably administered at 
a concentration level that will generally afford effective results without causing any 
10 harmful or deleterious side effects. 

The Mowing Examples illustrate the invention: 

Example 1 
2>5-Diphenylpynole-3-acetic acid 
(a) 3,4-Dibenzoylbutyric add (200 mg.) is heated with ammonium acetate (1.0 g.) 
15 at 80 — 100°C Initially, the mixture gives a clear melt but after 3 minutes, solidifica- 
tion occurs and heating is stopped. On cooling, water is added and the resulting solid 
is filtered off and recrystallised from aqueous acetic acid to give 2,5-diphenylpyrrole- 
* 3-acetic acid as needle crystals of m.p. 123 — 125°C. 

(Found: Q 78.3; H, 5.4; N, 4.9. QJB^NQ- requires C, 78.0; H, 5.5; N, 5.1%). 

20 (b) The 3,4-diben2oyIbutyric acid is prepared as follows: 

l_(4'_Mcrpholino)styrene (5.Gg.) and 3-benzoyl-3-bromopropiomc add (5.0 g.) 
... are heated together in refluxing dioxane (50 ml.) for 2 hours. The mixture is cooled 
and poured into water, which is then addiEed with concentrated hydrochloric acid 
(0.5 ml.). After 16 hours at room temperature, the mixture is extracted with ether. 
25 The ether solution is washed with 2N hydrochloric add solution, then with water 
and finally is extracted with 2N sodium hydroxide solution. The basic solution is 
washed once with ether and then addified with concentrated hydrochloric add solution. 
The crystalline solid formed is filtered off and separated by chromatography to give 
* - a product m.p. 138°C and the desired add m.p. 148° — 150°C. ' 
30 " ~ In a similar manner the following starting materials give the products indicated: 
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Starting materials 
3,4-Din[>-chlorobenzoyl)butyric add 

3,4-Di-(^-fluoroben2oyI)butyric acid 



45 



50 



55 



60 



. 3,4-Di-(w2-trifluoromethylben2oyI) 

butyric add 
3,4-Di-^*methoxybenzDyl)butyric add 

3.4- Di-(j^methylben2oyl)butyric add 

3- Benzoyl-4-0-chlorobenzoyl)butyric 

add 

4- Ben2oyl-3-0-chIoroben2oyl)but3-rit 

add 

4.5- DibenzoyIvaleric add 

3,4-Di-(p-dimethyIamuiobenzoyI)-- 

butyric add 
3-BenzoyI-4-(p«iiitrobenzcyl> 

butyric add 
3-BenzoyI-4-(naphtho- l-yl)- 

butyric add 
3-Benzoyl-4-(Naphtho-2-yI> 

butyric add 
- 3-Benzoyl-4-(funv-3-yl> - 

butyric add 
3-BenzoyI-4-<theno-3-yl)- 

butyric acid 
3-BenzoyM-(pyrid-2-ylcarbonyl)- 

butyric add 



Products 
2s5-Di-(/)-chlorophenyl)pyrrole- 

3-acetic add 
2^-Di-(p-fluorophenyl)pyrrole- 
. . _ 3-acetic add . . .35 

2^-Di-(/«-trifiuoromethylphenyl) 

pyrroIe-3-acetic aad 
2^-Di-(p-methoxyphenyl)pyrrole- 

3-acetic add 
2 3 5-Di-(p-methylphenyl)pyrrolc- 40 

3-acetic add. 
2-phenyI-5-(p-chlorophenyl) 

pyrroIe-3-acetic add. 
5-Phenyl-2-(/)-chloropbeny]) 

pyrroIe-3-acetic add 45 
^-(23-Diphenylpyrrol-3-yl) 

propionic add 
2,5-Di-(/>-dimethylamino- 

phenyrpyrrole-3-acetic acid. 
5-(p-NitrophenyI)-2-phenyl- 50 

pyrrole-3-acetic add 
5-(Naphth-l-yl)-2-phenyl- 

pyrrole-3-acetic add 
5-(Naphth-2-yl)-2-phenyi- 

pvrrole-3 -acetic add 55 
5-(Fur-3-yi)-2-phenyl- 

pyrrole-3-acetic acid 
2-PhenyI-5-(thien-3-yI> 

pyrroIe-3-acetic acid 
2-Pbenyl-5-(pyrid-2-yl) : 60 

pyrroIe-3-acetic acid 
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Starting materials 
3-Ben^yl-4-(pyrM-3-yIcarbon^> 

buiyric acid 
3-Benzoyl-4-(pyrid-4-ylcarboiiyI)- 

butyric acid 
3,4-Di-{faro-2-yl)butyric acid 

3,4-Di-(theno-2-yi)butyric acid 



Product 
2-Phenyl-5-(pyrid-3-yl)- 

pyrrole-3-acetic acid 
2-Phenyl-5-(pyrid-4-yl> 

pyrrole-3-acetic acid 
2^-Di-(fur-2-yl)pyrrole- 

3-acetic acid 
2^-Di^thien-2-yI)pyrroIe- 

3-acetic add 
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Example 2 
2^-Diphenylfuran-3-acetic acid 

(a) 3,4-DibenzoyIbutyric acid is co nve rt e d into its methyl ester by treatment with 
diazomethane in ether. Subsequent reaction with phosphorus peatoxide in benzene 
solution gives the methyl ester of the tide acid 

(b) Hydrolysis of the ester of part (a) with sodium hydroxide gives the title acid of 
m .p. 1350c. 

In a similar manner the following starting materials give the products indicated: 



Starting Material 
3,4-Di-(p^orobenzoyl)butyric add 

3,4-Di-^fluorobenzoyI)butyric acid 

3,4-DKOT-trifluoromethylbenzoyl) 

butyric acid 
3y4-IM-^methoxybenzoyl)butyric acid 

3.4- Di(p-methylbenzoyI)butyric add 

3- fienzoyl^(p-chIorobenzoyl)butyric 

add - ~- — - .. 

4- Benzoyl-3-(/M±Iorobeiizoyl)butyric 

acid 

4.5- Dibenzoylvaleric add 



Product 
2>5-Di-(p^Morophenyl)furan- 

3-acetic add 
2,5-Di-^-nuorophenyI)furan- 

3-acedc add 
2^-DK»i-trifluoromethylphenyI)- 

furan-3-aceric acid 
2,5-Di-^methoxyphenyl)furan- 

3-acetic acid 
2^-Di-(^-methyIphenyl)furan- 
T ~ * 3 -acetic aad ~~~„ ; ™ " ~ V VI7 
2-Hienyi-5^-cbJorophenyl)fuian- 

~ 3-acetic add r — - - - : 

5-Phenyl-2-(p-dilorophenyl)furan 

-3-acetic add 
£-(2>5-Diphenylfur-3-yl) 

propionic add 



Example 3 

2^-Diphenyhhiophene-3-acetic add 

(a) 3,4-Dibenzoylbutyric acid is converted into its methyl ester by treatment with 
diazomethane in ether. Subsequent reaction of 10.0 g. of this ester with phosphorus 
pentasulphide (20.0 g.) in benzene solution (50 ml) gives the methyl ester of die tide 
add. _ _ 

(b) Hydrolysis of the ester of part (a) with sodium hydroxide gives the tide add. 
In a similar manner the following starting materials give die products indicated: 



Starting Material 
3,4-Di-{p-dtlorobenzoyl)butyric add 

3,4-Di-(^fluorobenzoyI)butyric acid 

3 ,4-Di-(77i-trifluoromethylbenzoyl) 

butyric add 
3 3 4-IM-(^-methoxybenzoyI)biityric add 

3.4- Di-(^-methyIbenzoyl)butyric add 

3- Benzoyl-4-(A<hlorobenzoyl)butyric * 

add 

4- Benzoyl-3-(p-chlorobenzoyl)butyric 

add 

4.5- Dibenzoylvaleric add 



Product 
2>5-Di-Q>-driorophenyl) 

thiophene- 3-acetic add. 
2,5-Di-(p-fluorophenyl) 

thiophene-3-acetic add. 
2>5-Di-(m-trifluon>methyI- 

phenyl)-thiophene-3 -acetic add. 
2j5-Di-(/>-methoxyphenyI)- 

thiophene-3-acetic add 
2»5-Di-(p-methylphenyI) 

thiophene-3-acetic add 
- - 2-Phenyl-5-0>-dilorophenyO ~ 

thiophene-3-acetic add 
5-Phenyf-2-(p-chIorophenyl)- 

thiophene-3-acetic add 
j^2^-DiphenyhMen-3-yI)- 

propionic add 
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Example 4 
Ethyl 3,5^phenyipyrroIe-2-acetatc 
to The morpholino enamine of acetophenone [i.e. l<4'-morphoIino)stjTcneJ js 
ireated with ethyl 4-bromo-4-phecylacetoacetate in a manner similar to that de- 
scribed in Example 1(b) to give ethyl 3 5 6^dioxo-4,6-diphenylhexanoate. 

(b) The ester of part (a) was reacted with ammonium acetate by the procedure of 
Example 1(a) to give the tide pyrrole ester. 

Example 5 
Ethyl 3>5-diphenylfuran-2-acetate 
Ethyl 3,6-dioso-4 5 6-diphenylhexanoate (15 g.) is heated under reflux for 2 
hours w&i pWhorus pentoxide (1.0 g.) in benzene (50 ml.). The organic solution 
is then decanted and evaporated to give the tide furan ester. 

Example 6 
Ethyl 3^-diphenylthiophene-2-acetate. 
Ethyl 3,6-dioxo-4,6-diphenylhexanoate is heated with phosphorus pehtasulphide 
in benzene to give the dde thiophene ester. 

Example 7 
3 a 4-DiphenylpyrroIe-2-propionic acid 
to The pyrrolidino enamine of phenyiacetaldehyde [i.e. 2H[y-pyrroh(hno)styrene] 
is reacted with ethyl 5-bromo-4-oxo-5-phenyl-vaIerate in a similar manner to that 
described in Example 1(b) to give ethyl 4,7-dioxo-5,6-diphenylheptoate. 

rtA The ester of part (a) is hydrolysed to the corresponding add and is then treated 
vSth ammonium achate as described in Example 1(a) to give the tide pyrrole acid. 

. ........ . Example 8 _ . - 

- 3,4-Diphenylfuran-3-propionic add - • 

to Ethvl 4 a 7-dioxo-5,6-diphenyiheptcate (8.0 g.) is heated under reflux for 3 hours 
Sfth ShoruT SoxideWg.) in benzene (100 nd.). The orgamc layer is then 
decanted and evaporated to give the ethyl ester of the otle acid, 
fl* The ester of part (a) in ethanol is warmed to 50°C and treated with asolunon 
of potassium hydride (3.0 g.) in water (10 ml.). Evaporation of the solution, dis- 
solution of die residue in water and addification gives the tide furan aad. 



Example 9 

3.4-DiphenyIthiophene-3-propioiuc add # # ' 

The method of Example 8 is repeated but using phosphorus pentasulphide instead 
of phosphorus pentoxide to give the tide thiophene add. 

Example 10 
23-DiphenvIpyrroIe-5-propionic acid 
to The reaction of the morpholino enamine of deoxybenzoin and methyl 5-bromo-4- 
oxo-valerate by the method of Example 1(b) gives methyl 4,7-dioxo-6,7-diphenyl. 
heptoate. 

(b\ Methyl 4,7-dioxo-6,7-diphenylheptoate is hydrolysed to the corresponding acid 
and is then heated with ammonium acetate as described in Example 1(a) to give the 
tide pyrrole add. 

Example 11 
2 3 3-Diphenylfuran-5-propiomc add 
(a) Methyl 4,7-dioxo-6,7-diphenyIheptoate is heated at 100°C with phosphorus 
pentoxide to give the methyl ester of the tide add. - ^ , * 

- (b) Hydrolysis of the ester of part (a) with sodium hydroxide gives the tide furan 

add. 

Example 12 
2,3-DiphenyIthiophene-5-propionic add 
(a) Methyl 4 s 7-dioxo-6,7-diphenylheptoate is heated at 100°C with phosphorus 
pentasulphide to give the methyl ester cf the tide add. 
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(b) Hydrolysis of the ester of part (a) with sodium hydroxide gives die tide thiophene 
acid. 

Example 13 
Ethyl 2,3-diphenylpyrrok-4^cetate 
5 (a) The morpholino enamine of deoxybenzoin is reacted with ethyl 3-bromo-4- 5 
oxobutyrate in a manner similar to that described in Example 1(b) to give ethyl 
4,5-diphenyl-3-formyl-5-oxovalerate. 

(b) Ethyl 4,5-d^phenyl-3-formyl-5-oxovalerate (4.0 g.) is heated with ammonium 
acetate (20 g.) at 100°C for 0.25 hour. Addition of water to die cooled melt and 
10 filtration of die solid gives the dde pyrrole ester. 10 

Example 14 
Ethyl 2,3-diphenylfuran-4-acetate 
Ethyl 4,5-diphenyl-3 -f ormyl-5-oxovalerate is heated with phosphorus pentoxide in 
benzene for 2 hours to give the dde furan ester. 

15 Example 15 15 

2 > 3-Diphenyltluophene-4-acetic add 

(a) Ethyl 4,5-diphenyl-3-fonnyl-5-oxovalerate is heated with phosphorus pentasul- 
pbide to give the ethyl ester of the tide acid. 

(b) Hydrolysis of the ester of part (a) with sodium hydroxide gives the tide thiophene 

20 acid. 20 

Example 16 
2 > 5-Diphenylpyrrole-3-aoetic acid 
A mixture of 3,4-dibenzoylbutyric add (4.0 g.), ammonium acetate (20.0 g.) and 
glacial acetic add (20 ml) is heated under reflux for 1 hour. Pouring the solution 
25 into water, extracting with ether and evaporating the organic extract gives a residue . 25 
which is recrystallised from benzene/petroleum ether to give die tide add of m.p. 
.123— 125°C - - - -r.-T-v — — 

Example 17 

2^-Di-^<hlorophenyl)pyrrole-3^cetic add — 
30 (a) Diethyl aj9Kli~(pAAlorobcn2X)yl)ethylTnainn??rp is prepared by heating under re- 30 
flux for 19 hours, a mixture of 1^3^-^P-<hlon)benzoyl)emylene (963 g.), diethyl 

malonate (48 J ml.), piperidine (6.0 ml) and absolute ethyl alcohol (300 ml). Evapora- 

don under reduced pressure affords a red coloured oily residue which on dissolution 
in ether and treating with aqueous hydrochloric acid gives 104.7 g. (71%) of the 
35 diester of m.p. Ill — 112°C after recrystallisation from ethyl alcohol. 35 
(Found: C, 59.7; H, 4.6. (^H-C^O* requires C, 59.4; H, 4.8%). 

(b) «j8-DKp^orobenzoyl)emyImaIonic add is prepared by heating under reflux 
for 2 hours, a mixture of the diester (50 g.) of Example 17(a) and 2N aqueous 
sodium hydroxide solution (100 ml.). Evaporation of die solution gives a residue which 

40 is shaken with a mixture of ether and water. Addification of the aqueous layer gives 40 
an oil which after extracting into ether, washing, drying and evaporating gives the 
di-add (59.2 g.) as an oil which is used for the next stage without purification. 

(c) 3,4-Di-<p<hlorobenzoyl)butyric add is prepared by refluxing for 2 hours, a solu- 
tion of the di-add (592 g.) of Example 17(h) in dimethylformamide (30 mL) and then 

45 pouring into water (1.5 litre). An oil is predpitated which after extraction into ether, 45 
washing with water, drying (MgSo 4 ) and evaporating gives a brown coloured oil. 
This oil, which crystallises after a few hours, gives 33.1 g. (672%) of die butyric 
add which has m.p. 96— 97°C. 

(d) The acid (10.0 g.) of Example 17(c) and ammonium acetate (20.0 g.) in gladal 

50 acetic add (20 ml.) is heated under reflux for 1 hour. Pouring the solution into water 50 

(2 litres) gives a pink coloured solid, recrystallisation of which from benzene affords 
7.08 g. (74.5%) of the tide pyrrole of ny>. 163— 166°C. 

(Found: C, 62.4; H, 3.7; N, 3.8. C 18 H ia a 2 N0 2 requires C, 62J; H, 3.8; N, 
4.1%). 
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Example 18 
24-Di-(/>-fluoropheiiyl)pyrroIe-3-acetic add 
(a\ 12-DKp-fluorobenzoyl)ethyIene is prepared by adding dropwise fumaryl chloride 
(352 2 25 ml.) to a mixture of fluorobenzene (250 ml.) and finely powdered alumi- 
nium chloride (80 g.) with stirring and wanning to 60°C The dark red solution is 
then heated at 70°C for 05 hour followed by pouring into a mixture of ice and con- 
centrated hydrochloric acid (20 ml.). The precipitated solid is extracted into methylene 
chloride followed by washing with dilute hydrochloric aad, water, drying (MgO.) 
and evaporating which gives an oily residue. Qystallisauon from ^ 0 ^±^s 
44 2 <r (695%) of the substituted ethylene, which has m.p. 163— 164°C. (Found. C, 
707* H 37 CifiHioFoO- requires C, 70.65; H, 3.7%). ^ j £ w 

(b) 'Diethyl a ^-(P"flucrobenz(jyl)ethylinalonate is prepared by the method of Ex- 
Sple 17?) usLg^^fluorobenzoyWene (42 J t g.), diethyl malonate 24.6 
mL), pipeline (3.0mL)and absolute ethyl alcohol (150 mL). The crude oil (50.0 
g.) is used for the next stage without purification. 

(& afl-Di-fp-fluorobenzoyrethyhnalonic acid is prepared by the method of Example 
17(b) using 50.0 g. of the crude diester of Example 18(b) and 2N aqueous sodium 
: hyo5oxide(100 ml.). The oily product (39.9 g.) is used for the next stage without 
purification. 

(d) 3,4-Di-(p-fluorobenzoyi:but>Tic acid is prepared by the method of Example 17(c) 
using die di-add (39.0 g.) of Example 18(c) and dimethylformamide (30 ml.)- This 
oil is again used for the next stage without purification. 

(e\ The title pyrrole is prepared by the method of Example 17(d) using the butyric 
aad (16.6 g.) of Example 18(d), ammonium acetate (14.0 g.) an dglaoal acetic aad 
(30 ml.). The product (2.7 g.) after recrystalKsaticn from a mixture of benzene and 
petroleum ether has m.p. 143 — 144 3 C . _ TT . ^ „ . 

Q 68.6; H, 3.9; N, 4.3. C u H l3 F 3 N0 2 requires Q 69.0; H, 42; N, 4.5%). 



Example 19 



2^-Di-(/J-methoxyphenyf)pyrroIe-3-acetic acid 
-rr™A mixture of 3,4-dH^methoxybenzoyl) butyric acid (42 gO, glacial acetic acid 
(10 ml.) and ammonium acetate (45 g.) is heated under reflux for 1 hour and then 
worked up as described in Example 17(d) to give the tide compound. 
(Found: Q 71.3; H, 5.65; N, 4.05. C^NO* requires C, 71.3; H, 5.7; N, 427c)- 

Example 20 

— 2^-J3i-(/^tolyl)pyrrole-3-acetic acid 

-A mixture of 3,4-di-(/Hmethylbenzoy^but3'ric acid (333 g.), glacial acetic acid 
- (60 ml.) and ammonium acetate (34.05 g.) is heated under reflux for 1 hour and then 
worked up as described in Example 17(d) to give the title add. 

Example 21 

2.5-Diphenylfuran-3-acctic acid 
fa} A mixture of 10.0 g.'of diethyl tr/?-dibenzoyleihylmaIonate [prepared by the 
iethod of Example 17(a)], phosphoric oxide (50.0 g.) and dry benzene (250 ml.) 
is heated under reflux for 1 hour. The solvent is then decanted from the solid material 
after which the solid is treated with water and benzene. Separating the benzene layer, 
washing with water, drying (MgSO*) and evaporating affords the furan-diester (5.35 
g.) as an oil which is used for the next stage. 

(b; The above furan-diester (5.35 g.) and 2N aqueous sodium hydroxide^ solution 
(50 ml.) is heated on a steam-bath for 0.5 hour and the ethanol produced is evapo- 
rated. The aqueous solution is washed with ether and after treating with charcoal 
k is acidified with concentrated hydrochloric aa'd. Filtering off the solid, drying 
and recrystallising from benzene gives 2.75 g. of the furan di-acid of m.p. 143— 
144°C 

„(Found: Q 70.1; H, 4.3, C JS H„0, requires C, 70.8; H, 4.4#). _ _ 

(cl Heatin" under reflux for 1 hour a solution of the above di-acid (2.55 g.) in di- 
methylformamide (10 ml.) and then pouring into water (500 mL) gives a precipitate 
which is extracted into ether and after washing several times with water is extracted 
with saturated aqueous sodium hydrogen carbonate solution. The basic extract is de- 



11 



1,271,082 



11 



coloured with charcoal and after filtering is acidified to give a colourless precipitate 
which is filtered off and dried. Recrystallisation from a mixture of benzene and 
petroleum ether (b.p. 40— 60°Q affords 0.77 g. of the tide furan acetic acid of m.p. 
134— 135°C 

5 (Found: C, 772; H, 5.0. C J4 H )4 0 3 requires C, 77.4; H, 5.1%). 5 

Example 22 
2^-Di-(p-<MQrophenyI)furanr3-acetic acid 
This compound is prepared by the procedure of Example 21, starting from 30.0 
g. of the diester of Example 17(a). Recrystallisation of the crude acid from benzene 
10 affords 16.3 g. of the tide compound of ntp. 153 — 154°C. 10 
(Found: Q 62.6; H, 3.6. C l4 Hi 2 CL.O s requires Q 62.3; H, 3.5%). 

Example 23 
2^-Di^-fluGiopheiryl)furan)-3-acetic acid 
A solution of 6.8 g. of the crude acid of Example 18(d) in glacial acetic acid 
15 (30 ml.) comaining a few drops of concentrated sulphuric acid is heated under reflux 15 
for 1 hour and then cooled. Addition of water gives a solid which is filtered off, 
washed with water and dried, Recrystallisation from benzene affords 4.48 g. of the 
title add of rap. 160— 161°C. 

(Found: Q 69.0 ; H, 3.85. C lt H 12 F 2 0 3 requires Q 68.85; H, 3.85%). 

20 - Example 24 - - 20 

2^-Di^mtthoxyphen^furan-3-acetic acid 
A mixture of 3,4^^-methoxybeirwyl)butyric acid (4.0 g.), glacial acetic acid 
(10 mL) and concentrated sulphuric acid (1 drop) is heated under reflux; for 1 hour 
and then worked up as described in Example 23. Recrystallisation from benzene 
25 gives the title acid. ■ - - 25 

(Found: Q 77.4; H, 5.5. CJ, A requires Q 71.1; H, 5.4%). 



Example 25 



'2^-Di^-tolyr)furan--3-acetic acid ~ r 
A mixture of 3,4^^-memynjenzoyT)buiyric add (15 55 g.) glacial acetic acid 
30 (60 mL) and concentrated sulphuric add (5 drops) is heated under reflux for. 1 hour 30 
and then worked up as described in Example 23. Recrystallisation from a mixture of 
benzene and petroleum ether gives 2.67 g. of the title add of m.p. 142 — 143°C. 
.„ (Found: C, 78.4; H, 5.9. -QaH^Q, requires C-78.4; H, 5.9%). ~ 



Example 26 

35 2-(p-C^orophenyl>5-phenyIfuran-3-acetic acid 35 

(a) Sodium (23 g.) is added to a stirred solution of .ethyl /Hchlorobenzoylacetate _ _ _ . 
(22.7 g.) in ether (300 ml.), in an atmosphere of nitrogen. After heating under reflux 

for 6 hours the mixture is cooled and treated with phenacyibromide (20.0 g.) followed 
by further heating under reflux for 1.5 hours. The mixture is again cooled and treated 
40 with water. Separating the organic layer, drying (MgS0 4 ) and evaporating gives 40 
40.0 g. of ethyl 2-(p-chlorobenzoyl)-3-benzoylpropionate as a red oil. 

(b) Refluxing a mixture of 5.0 g. of the ester of pan (a) and glacial acetic add (40 
ml.) and concentrated sulphuric add (2 drops) for 1 hour and working up as de- 
scribed in Example 23 gives 2-(p-<Worophen^)-3-ethoxycarbonyM^ 

45 (c) The ethoxycarbonyl compound of part (b) is reduced in ether with aluminium 45 
lithium hydride to give the corresponding hydroxyinerhyl compound. Subsequent 
chlorination, treatment with an alkali metal cyanide and hydrolysis affords the title 
compound. 

Example 27 

50 — - 5^/>-ChlorophenyI>2-phenyKuran-3-acetic add " ' " ~" " 50 

(a) The method of Example 26(a) using ethyl benzoylacetate and p-chlorophenacyl- 
bromide gives ethyl 3-(p<hlorobenzo^)-2-benzoylpropionate. 

(b) Refluxing a mixture of 2.0 g. of the ester of part (a) and gladal acetic add 
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(20 mL) and concentrated sulphuric acid (2 drops) for 1 hour and working op as dc- 
Sed in Example 23 gives 1 5 g. of 5-(p-chlon)phenyi>3-etho X ycarboDyl-2-phe n yl- 
furan of m.p. 73— 74°C after recrystallising from edianoL 
(Found: C, 69.9; H, 4.6. C„H ls aO s requires C, 69.8; H, 4.6%). 

(c) lie emoxycarbonyl compound of pan (b) is reduced in ether with alununium 
lithium hydride to give the corresponding hydroxymethyl cmnpound. Subsequent 
chtorination, treatment with an alkali metal cyanide and hydrolysis affords the mle 
compound. 

Example 28 
2J-DiphenyKhiophenfi-3-aceric acid 
A solution of diethyl *0-dibeiizoylethyh^ (7.84 g.) and anhydrous stannic 
chloride (12.0 g.) in chloroform (500 mL) is treated with dry hydygen cfatoide for 
ffi^d fhen hydrogen cfatoride and hydxo^sulphide are *nodaalj^ 
wxoS to 2 hours Ate the mixture has stood for 16 hours at ro^ tempera^ 
it is washed with water, sodium hydrogen carbonate solution, water and is then toed. 
E^pSS to dryness then give/ diSbyl ^P^l^^^omxc.J^ 
of this ester under basic conditions and then decarboxyianon in dimethyl- 
formamide gives the title add. 

EXAMPLE 29 
Ethyl 3,5-diphenylpyirole-2-acetate 
(a) The morpholino enamine of acetophenone [i.e. lK4 f -m(^olino)styrene j is 
treated with ethyl 4^romo-4-phenylacetoacetate in a manner similar to that described 
in Example 1(b) to giro ethyl 3,6-dioxo-4,6-diphenylhexanoate- 

rtri Heatinc ethyl 3,d-dioxo-4,6-diphenylhexanoate with amomnium acetate in gjadal 
acetic acid according to the method of Example 17(d) gives the title pyrrole ester. 

_ ^ , \ Example 30 

. iri.'L " - ~ -'" "3^Diphenylpyrrole-2-acedc acid ^ ; 

The pyrrole ester (5.0 g.) of Example 29(b) in ethanol (50 ml.) is treated with a 
»^6?^sium hydride (3.0 *) in wier (10 ml.) and fc then wanned to 
50°G for oJhour. The excess of alcohol is removed under 'reduced pressure and the 
residue is dissolved in water (50 mL). Acidification with hydrochloric acid precipitates 
die tiue acid which is filtered off and dried. 



Example 31 
— Ethyl 3^^phenylfdran-2-acetate 



* Heating ethyl 3,6-dioxo-4,6-diphenyIhexanoatB [prepared by method of Example 
29(a)] with glacial acetic add and concentrated sulphuric acid according to tne 
method of Example 23 gives the tide furan ester. 

Example 32 

3,5-Diphenyifuran-2-acetfc add 
The furan ester of Example 31 is hydrolysed with potassium hydroxide as de- 
scribed in Example 30 to give the tide add. 

Example 33 
Ethyl 3^-diphenylthiophene-2-acetate 
Cyclising ethyl 3 3 6^ioxo-4,6-diphenylhexanoate [prepared by method of Example 
29(a)! in chloroform solution with hydrogen chloride and hydrogen sulphide accord- 
ing to the method of Example 28 gives the tide thiophene ester. 

Example 34 
3^-IMphenylthiophene-2-acetic add 
Hydrolysis of the ester of Example 33 with potassium hydroxide by the method 
of Example 30 gives the tide thiophene add. 



" * Example 35 

3,4-DiphenylpyrroIe-2-propionic add 

U\ The pyrrolidino enamine of phenylaoetaldehyde [i.e. 2<l'-pynt)lidmo)styrene] 
is reacted with ethyl 5-bromo-4-oxo-5-pheayl-valerate in a similar manner to that 
described in Example 1(b) to give ethyl 4,7-dioxo-5,6-diphenyIheptoate. 
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(b) Ethyl 4,7-dioxo-5,6-diphenylheptoate is hydrolysed to die corresponding add 
and then treated with ammonium acetate in glacial acetic acid by the method described 
in Example 17(d) to give the title pyrrole acid. 

Example 36 

Ethyl 3 > 4-diphenylfuran-2-propionate 5 
Heating ethyl 4,7-dioxo-5,6-diphenylheptoate [prepared by method of Example 
35(a)] with glacial acetic acid and concentrated sulphuric add by the meshed of 
Example 23 gives the title furan ester. 

Example 37 

3,4-Diphenylfuran-2-propionic add ^ 10 

The furan ester of Example 36 is hydrolysed with potassium hydroxide as de- 
scribed in Example 30 to give the tide acid. 

Example 38 
Ethyl 3,4-diphenylthiophene-2^-propionate 
Cydising ethyl 4,7-dioxo-5,6-diphenylheptoate [prepared by method of Example 15 
35(a)] in chloroform solution with hydrogen chloride and hydrogen sulphide accord- 
ing to the method of Example 28 gives the tide thiophene ester. 

Example 39 
3 3 4-Diphenylthiophene-2-propionic acid 
Hydrolysis of the ester of Example 38 with potassium hydroxide by the method 20 
of Example 30 gives the title thiophene add. _ 



Example 40 
2,4-Diphenylpyrrole-3-acet2c acid 
(a) The pyrrolidino enamine of phenylaoetaldehyde [i.e. 2^1'-pyrrolidino)-styrene] 
is reacted with 'j3-benzoyI-/?-bromopropionic add in a similar manner to that de-_ 
scribed in Example 1(b) to give 3-bcai2oyi-5-oxo-4-phenylvaleric add. - — ~- ~ 
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~(b) Heating 3-ben2oyl-5-oxo-4-phenylvaleric add in glacial acetic acid with am- - " ? 
monium acetate by the method described in Example 17(d) gives the tide pyrrole 

add. ......... .... _ 

Example 41 30 
2,4-Drphenylfuran-3-acetic acid 
Heating 3-ben2oyl-5-oxo-4-phenylvaferic add with glacial acetic acid and con- 
centrated sulphuric add by the method of Example 23 gives the title furan add. — — — — 

Example 42 

Ethyl 2,4-diphenylthiophene-3-acetate 35 

(a) Ethyl 3-benzoyl-5-oxo-4-phenylvalerate is prepared by the method of Example 
1(b) ystng ethyl jff-benzoyl^-bromopropionate and the pyrrolidino enamine of phenyl- - 
acetaldehyde [i.e. 2<l'-pyrroHdmo)styrene]. 

(b) Cyclisation of ethyl 3-benzoyl-5-oxo-4-phenylvalerate in chloroform solution 

with hydrogen chloride and hydrogen sulphide according to the method of Example 40 
28 gives the tide thiophene ester. 

Example 43 
2,44)iphenylthiophene-3-acetic add 
Hydrolysis of the ester of Example 42 with potassium hydroxide by the method 
of Example 30 gives the tide thiophene add. 45 

Example 44 
2,3-Diphenylpyrrole-4-acetic add 
Hydrolysis of the ester of Example 13(b) with potassium hydroxide by the method 
.described in Example 30 gives the tide pyrrole add. ...... ... „ 

Example 45 50 
Ethyl 2,3-diphenylfuran-4-acetate 
Heating ethyl 44^phenyl-3-forrayi-5-oxo-valerate [prepared by the method of 
Example 13(a)] with concentrated sulphuric add in gladal acetic add by the method 
of Example 23 gives the title furan ester. 
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Example 46 
2£-Diphenylfuran-4-acetic acid 
Hydrolysis of the ester of Example 45 with potassium hydroxide by the method 
of Example 30 gives the tide furan acid. 

Example 47 
Ethyl 23-diphenyithiophene-4-acctate 
Cyclising ethyl 4^-diphenyl-3-fomyl-5-oxovalerate [preparedly the method of 
Example 13(a)] in chloroform solution with a mixture of hydrogen chloride and 
hydrogen sulphide according to the method of Esample 28 gives the tide thiophene 



ester. 



Example 48 
2^Diphenylthiopbene-4-acetic acid 
Hydrolysis of the ester of Example 47 with potassium hydroxide according to 
the method of Example 30 gives the tide thiophene add. 

Example 49 
y-Dipheflylpyrrole-5-propionic acid 

(a) The reaction of the morpholino enamine of deoxybenzoin and methyl 5-bromo-4- 
oxo-valeratB by the method of Example 1(b) gives methyl 4,7-dioxo-6,7-diphenyl- 
heptoate. . . 

(b) Methyl 4,7-dioxo-6,7-diphenylheptoate is hydrolysed to the corresponding acid 
and then heated with ammonium acetate in glacial acetic acid to give the tide pyrrole 
add. 

Example 50 
Methyl 23-diphenylfuran-5-propionate 
Methyl 4,7-dioxo-6,7-diphenylheptoate is cyclised in a mixture of glacial acetic 
acid and concentrated sulphuric acid by the method of Example 23 to give the tide 
furan ester. 



Example 51 
23-Diphenylfuranr5-prppionic add 
Hydrolysis of the ester of Example 50 using potassium hydroxide by the pro- 
cedure of Example 30 gives the tide furan add. 



^ - _ - Example 52 

Methyl 23-diphenylthiophene-5--pyopionatc 
Cyclising methyl 4,7nlioxo-6,7-diphenylheptoate in chloroform solution with a 
mixture of hydrogen chloride and hydrogen sulphide according to the method of Ex- 
ample 28 gives the tide thiophene ester. ........ 

Example 53 
23-Diphettylthiophene-5-propionic add 
Hydrolysis of the ester of Example 52 using potassiurn hydroxide by the pro- 
cedure described in Example 30 gives the title thiophene add. 

Example 54 
5<p-Aminophenyl)-2-phenylpyrroIe-3-acetic acid 
The corresponding p-nitro compound of Example 1 is reduced with hydrogen 
in the presence of palladium on charcoal catalyst to give the title pyrrole acid. 

Example 55 

a[2^-Di-(p-chlcrophenvl)pyr^^ add 
The title compound is prepared in a similar manner to that described in Example 
17 except that diethyl methylmalonate is used for the Michael reaction instead of 
diethyl malonate. " 

Example 56 
2^-Di-<p-cMorophenyl)furan-3-acetamide 
The furan acetic add of Example 22 is converted into the add chloride by treat- 
ment with thionyl chloride. Subsequent treatment with ammonia gives the tide amide. 
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Example 57 

2^-Di-<p-cUorophenyl)fui^-3-^cethydroxamic acid 
The furan acetic aod of Example 22 is esterified with hydrogen chloride in ethyl 
alcohol and the ester subsequently treated with hydroxylamine to give the tide 
5 hydroxanric acid. 

Example 58 
2>5-Diphenyl-4-methylpyrrole-3-acetic add 
(a) 1,2-Dibenzoyl-l-methykthylene is prepared by adding dropwise mesaconyl di- 
chlaride to a mixture of benzene and finely powdered aluminium chloride with 
10 stirring and warming to 60°C. The solution is then heated at 70°C for 05 hour fol- 
lowed by pouring into a mixture of ice and concentrated hydrochloric acid. The 
mixture is extracted with methylene chloride and the extract is washed with dilute 
hydrochloric acid and water. Drying over magnesium sulphate and evaporating gives 
the substituted ethylene. 

15 (b) Diethyl ^8-dibenzoylpropylmalonate is prepared by the method of Tram ple 
17(a) using 1^-dibenzoyl-l-methylethylene, diethyl malonate, piperidine and ethyl 
alcohol. 

(c) <rjS-DibenzoylpropylmaIonic acid is prepared by the method of Example 17(b) 
using the diester of part (b) and aqueous sodium hydroxide. 

20 . . (d) 3,4-Dibenzoylvaleric add is prepared by the method of Example 17(c) using the 
di-add of part (c) and dimethylfonnamide. 

(e) The tide pyrrole add is prepared by the method of Example 17(d) using the 
valeric add of part (d), ammonium acetate and glacial acetic add. 
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- - Example 59 ~ ; - - 

2^-Di-(p-chlorophenyl)-N-phenylpyrrole-3-acetic add 
.A mixture of 5.56 g. of the diketo-aad of Example 17(c), aniline (1.86 g.) and 
^-toluenesulphonic add (50 mg.) in toluene (50 ml.) is heated under reflux for 1 
hour using a Dean and Stark water separator. The mixture is then cooled and the 
solid filtered off and dried to give 4.0 g. of the title pyrrole add. 
(Found: C, 68.1; H, 4.1; N, 3A. CmH, 7 GUTO s requires Q 68.2; H, 43; N, 33%). 
In a similar manner the following amines give the products indicated: — 



25 



30 



Amine 
/>-ChIoxoaniline 

m-Trifluoromethylaniline 



p-Methoxyaniline 

p-Toluidine 

p-Nitroaniline 

^Dimethylaminoaniline 

4-Aminopyridine 

Benzylamine 
Cydohexylamine 



Product 
l^,5-Tri-(^chlorophenyl> 

pyrrole-3-acetic add. 
2^-Di«(p-chlorophenyl)-N- 

(m-trifluoromethylphenyl)pyrrole- 

3-acetic add. 
2^-DiH>-chlorophenyl>N- 

(p-methoxyphenyl)pyrroIe-3- 

acetic add. 
2^-Di-(p-chlorophenyr)-N- 

(p-tolyl)pyrrole-3-acetic 

add. 

2^-Di-(p-chIorophenyl>N- 

0>-nitrophenyl)pyrrole-3- 

acetic add. 
2^-Di-(/> r cMorophenyl)-N- 

(p-c%iemylaniinophenyl)pyrrole- 

3-aeeric add. 
2,5-Di-{p-chlorophenyI>iN- 

- (pyrid-4-yI)pyrrole-3-acetic 

acid. 

N-Benzyl-2^-di-(p-chIoro- 

phenyl)pyrroIe-3 -acetic acid. 

N-Cydohex^-2^-di-(p-chloro- 
phenyI)pyrrole-3 -acetic add. 
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Example 60 

2^-Di-(p-chlorophen} r I)-l-mcthylpyrrole-3-aceuc acid 
A mixture of 3,4^-(^chlorobenzoyI)butyric acid (5.0 g ; ), methyJamraomum 
chloride (25 g.), sodium acetate (25 g.) and glacial acenc aad (25 ml.) is heated 
under reflux for 15 hours and the sodium chloride is filtered off after coding the 
mixture. The filtrate is poured into water (200 ml.) which after filtering off the solid, 
drying and reoystallising from benzene gjves 2.0 g. of the title expound. 
CEtand: C, 63.6; H, 4.15; N, 3.9. C^ONOs requires Q 63.35; H, 42; N, 
3.9%). 

Example 61 

N</>-Chiorobeiizoyl>2^^ a <£* t 

(a) A solution of V^-(>-fluon>phenyI)pyrrole-3-acedc acid in teyahydroforan is 
treated with cydohexylcarbodiniiide to give the corresponding anhydride. Reacting this 
anhydride with terf-butyl alcohol in the presence of zinc chloride gives ferr-butyl 
2^^^-fluoropherryi)-pyrroIe-3-acetate. 

(b) The ferr-butyl ester of part (a) is converted into its alkali metal derivative and 
subsequently treated with ^-cbbrobenzoyl chloride to give tert-bvtyl N-(^-cbloro- 
benzoyl)-2,5^^fluoropheriyl)pyrrole-3-acetate. 

(c) The ester of part (b), is heated to 200°C with powdered porous plate to give the 
title acid. * — " — . ^ ^ 

In a similar manner, the following acid hahdes give the products indicated: 
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Acid Halide 
Acetyl chloride 

Cydohexylcarbonyl chloride 
Phenylacetyi chloride 
Benzoyl chloride 

/>-Methylbenzoyl chloride 

^Methoxybenzoyl chloride 
p-Nitrobenzoyl chloride 
^Dimethylaminobenzoyl chloride 
m-Trifluoromethylbenzoyl chloride 

1- Naphthoyl chloride 

2- Furoyl chloride 
2-Thenoyl chloride 
4-PyridyIcarbonyl chloride ~~ 

2-Pyrrylcarbonyl chioride 



Product 

N-acetyI-2^-di-(>-fluorophenyI} 
pyrrole-3-acetic acid. 
" N^yclohexylcarbonyl-^-di- 

(p-fluorophenyl}pyrroIe-3-acetic 
— - acid. - - . . 

N-Phenylacetyl-2^-di-(>- 

fluorophenyI)pyrrole-3-acetfc 
acid. 

N-Benzoyl-2 3 5-di-^-fluorophenyl) 

pyrrole-3-acetic acid. 

N^MethyIbenzoyI)-2,5-di- . 

. (p-fluorophenyl)pyrrole-3- 

aceticacid 
N-(/>-Methoxyben2oyl)-2^-di- 

(p-fluorophenyl)pyrrole-3- 

acetic acid. 
N-(p-Nitrobenzoyl)-2 3 5-di- 

(p-fluorophenyl)pyrrole-3- 
, acetic acid. 
N-0-Dimethylaminobenzoyl> 

2>5-di-(/>-fluorophenyl)pyrroIc- 

3-aceticadd. 
N-(?;j-TrifluoromethyIbenzoyQ- 

2^-di-(p.fluorophenyI)pyrroIe- 

3-acetic add. 

N-(l'-Naphthoyl)-24-dKp- 

fluorophenyl)pyrrole-3«acetic add. 
N-(2'-FuroyI)-2^-di-(p-fluoro- 

phenyl)pyrrote-3-acetic acid. 
N-(2 f -Thenoyl>2^-di-(p-fluoro- 

phenvDpyrrole-3-acetic add. 
N<4 f -Pyridylcarbonyl)-2^-di- 

(p-fluorophenyI)pyrrole-3-acetic 

add. 

N-(2'-Pyrrylcarbonyl>2,5-di- 

f^-fluorophenyI)pyrrole-3-acetic 
add.. 
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Example 62 

N^AmmobeiKoyI)-2^ acid 
The p-mtro compound of Example 61 is reduced with hydrogen in the presence 

of palladium on charcoal catalyst to give the title pyrrole acid. 

In the pharmacological evaluation of the properties of the compounds of this 

invention, the effects in viva of the compounds are tested in the procedure of Winter 

et din Proc. Soc. Biol. Med„ 111, 544 (1962) and Butde et d in Nature, 179, 629 

(1957). 

The compounds of general formula I when administered orally in the above test 
procedure at a dosage of 10 to 250 mg./kg. depending on the compound in question 
generally demonstrated anti-inflammatory activity. 

Good activity was obtained with 2,5-<H-(/>-fluorophenyl)pyrrole-3-acetic acid, 2,5- 
di-^memoxyphenyl)furan-3-acetic acid, 23-diphenylpyrrole-3^acetic add, 2>5-di- 
phenylfuran-3-acetic acid, 2^^-(^-chlorophenyl)pyrro]e-3-acetic acid and 2^5-di-(p^ 
chlorophenyl)furan-3-acetic acid as shown in the following table which shows the % 
inhibition of the rat paw oedema and dosage tested. 



. Compound 
2 5 5-Di-(p-fluorophenyl)pyrrole- 

3-acetic acid. 
2^-Di-(p-methoxypbenyl)furan- 

3 -acetic add. 
2^-Diphenylpyrrole-3-acetic add. 
2,5-Dipheny lfuran-3 -acetic add 
2^-Di-(p-<^orophenyl)pyrrole- 

3-acetic aod 
2^-Di-(/>-chIorophenyl)furan- 

3-acetic aad. 



Dose mg./Kg. % Inhibition 



10 


70 


50 


35 


20 
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20 


40 


30 
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20 
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Example 63 
2^-Di-(^-fluorophenyl)pyrrole-3-acetic add 
Lactose 

Magnesium stearate 



125 mg. 
120 mg. 

, . 5 mg. 



Capsules of the above were made up by thoroughly mixing together batches of 
the above ingredients and filling hard gelatine capsules (250 mg.) with the mixture. 



Example 64 
2,5-Diphenylpyrrole-3-acetic add 
Lactose — 
Avicel 

Dried Maize Starch 
Magnesium stearate 



125 mg. 
"100 mg. ~ 
30 mg. 
40 mg. 
5 mg. 



30 



35 



Tablets of the above composition were made by milling the active ingredient to — 40 
40 mesh (British Standard), sieving through a 40 mesh (British Standard) sieve, 
mixing the milled material with the other components and compressing to form 
tablets. 
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WHAT WE CLAIM IS:— 

1. A compound of the general formula 



in which X is oxygen, sulphur or — NY — , Ar and Ar 1 are aryl or heteroaryl radicals 
which may be the same or different, R is an aliphatic add radical containing from 2 
to 6 carbon atoms or a functional derivative thereof, said aliphatic add radical or 
functional derivative thereof being attached to the heterocyclic ring by a carbon atom 
of the aliphatic chain, Y is a hydrogen atom or an alkyl, cycloalkyl, aralkyl, aryl or 
heteroaryl radical which may be substituted or an acyl radical, and Z is a hydrogen 
atom or an alkyl radical. 
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2. A compound of the general formula 



10 



15 



in which X is oxygen, sulphur or — NH— , Ar and Ar 1 are aryl or heteroaryl radicals 
and which may be the same or different and R is an aliphatic add radical containing 
5 2 to 6 carbon atoms or a functional derivative thereof, said aliphatic add radical or 
functional derivative thereof being attached to the heterocyclic ring by a carbon atom 
of the aliphatic chain. . 

3. A compound according to Claim 2 in which Ar and Ar 1 arc unsubsututed 
phenyl or phenyl substituted by halogen, lower alkyl containing up to six carbon 

10 atoms, lower alkoxy containing up to six carbon atoms, nitro, dimethy Iamjno or tn- 
fluorumethyl, R is an acetic or ^-propionic add residue or functional derivative thereof 
said add residue or functional derivative thereof being attached to the heterocydic 
ring by a carbon atom of the aliphatic chain. 

4. A compound according to Claim 2 in which Ar and Ar 1 are unsubsututed 
15 . "phenyl or phenyl substituted by halogen, said radicals Ar and Ar 1 being at the 2- 

and 5- positions of the heterocydic ring and R is an acetic or ^propionic acid 
residue at the 3-position, said add residue being attached to the heterocyclic ring 
by a carbon atom of the aliphatic chain. 

5. 2^-DiphenyIpyrrole-3-acetic add. „ 
20 6. ^-DK>n-tnfluoromethylphenyl)pyrroIe-3-acetic add. 

7. 5-(p-£klorophen#>2^henylp^ add. 

8. 2-(/>-Chlc)ix»phenyl)-5-phenylpyrTOle-3-acetic add. 

9. j5-<2^-Diphenylpyrrol-3-yl)propionic add. 

10. 2^-Di-(^WorophenyI)pyrrole-3-acetic add. ^ 
25 ll. 23"Di-0>-fluorophenyl)pyrrole-3-acetic add. 13 

12. 23-I>i-0*-methoxyphenyr)pyrroIe-3-aceric add 

13. ^ 2^-Di-C/KtolyQpyrroIe-3-acetic add. 
. . -7*" .".* 14. 23-D^henylfuran-3-acetic add. 

15. Methyl 2^-diphenylfuran-3-acetate. ^ 
30 - * 16. 2^-Di^^orophenyI)furan-3-acetic add. " " 

17. Methyl 2^nli-<pH±loropher^I)furan-3^CKtete. 

18. 2^-Di-(/>-fluorophenyl)f uran-3 -acetic add. 

19. Methyl 2^-di-(^f[uorophenyI)furan-3-acetate. 

20. 2^-Di-(;//-trifluorometItyIphenyl)furan-3-acetic add. 

35 21. Methyl 2^KuX^-trifluoromethyIphenyI)fiiran-3-acetate. 35 

22. 2^-DKp-methoxypheriyi)furan-3-ac£tic add. — - - . - — 

- 23. Methyl 2^^-<p-methoxyphenyl}furan-3-acetate. 

24. 2,5-Di-(p-methylphenyl)foran-3nacetic add. 

25. Methyl 2^-di-(/>-methylphenyl)furan-3-acetate. 

40 26. 2^Phenyl-5-^chlorop&nyl)fuian-3-ac^c add. 40 

. . 27. Methyl 2-phenyM-(^-chlorophenyl)furan--3-acetate. 

28. 5-PhenyI-2^-chIorophenyl)furan-3-acetic add. 

29. Methyl 5-phenyl-2-(/)-chlorophenyl)fnran-3-acetate, 

30. ^-^2^-Diphenylfur-3-yl>propionic add. 

45 31. Methyl jff-<2^-diphenylfur-3-yl)propionate. 45 

32. 2^-DiphenyIthiophene-3-acetic add. 

33. 23-Di-(p-chlorophenyl)thiophene-3-acetic add. 

34. Methyl 2^-dU-(^-chiorophenyl)thiophene-3-acetatc. 

35. 2^-Di-(p-fluorophenyi)diiopnene-3-acetic add. 

50 36. Methyl 2^nli-^fluorophenyl)thiophene-3-acetate. 50 

37. 2^-DH»i-trifluattmeth^^ acid. 
. 38. Methyl 2^^^w-trifluoromethylphenyl)thiophene-3-acetate. 

39. 2^-Di-(p"methoxyphenyl)thiophene-3-acetic add. 

40. Methyl 2,5-di-(^-methoxyphenyI)thiophene-3-acetate. 

55 41. 2^-Di^-methyIphenyl)thiophene-3-acetic acid. 55 

42. Methyl 2^-di-(p-methylphenyl)thiophene-3-acetate. 
_ 43. 2-Phenyl-5-^/>-dilorophenyl)thiophene-3-acetic add. 

44. Methyl 2-phenyl-5-(^<Moropheny0thiophene-3-acetate. 

45. 5-Phenyl-2-^-chlorophenyl)thiophene-3-acetic add. 

60 46. Methyl 5-phenyl-2-(p-chlorophenyI)thiophene-3-acetate. 60 

47. )3-(24-Diphenylthien-3-yl)propionic add. 

48. Methyl ^-(2^-diphenyIdiien-3-yI}propionate, 
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49. 2^-Di-(/Miimethylaminor& add. 

50. 5-<p-NitrophenyI)-2-phe^lpyrn)le-3-ace£ic acid. 

51. 5-{Naplith-l-yI)-2-phenylpyirole-3-^cetic acid. 

52. 5^aphdi-2-yl)-2"phenylp5Trde-3-acetic add. 

5 53. 5^ur^3-yI)-2-phenylp3ncrae-3-acetic add. 5 

54. 2-Phenyl~5^thieii-3-yI)pyTrole-3-acetic acid. 

55. 2-PhenyI-5-(pyrid-2-yl)pyrrole-3-acetic add. 

56. 2-Phen^-5-(pyrid-3-yl)pyrrole-3-acetic add. 

57. 2~Phenyl-5-(pyrid-4-yl)pyrrole-3- : acetic add. 

10 58. 2^-DKfur-2-yl)pyrrole-3-acetic add. 10 

59. 2^5-Di-(thien-2-yl)pytrole-3-acetic add. 

60. 5-(/>-Ai^ophenylj-2-phenylpyTrole-3-acetic add. 

61. <r- [2>5-Di-^p-chlorophec>*I)pyTTol-3-yl] -o-methylacetic add. 

62. 2>5-Di-{/>-chlorophenyl -l-phenylpyrrale-3-acetic add. 

15 63. l^>5-Tri-0>-^oropheDyl)pyrrole-3-acetic add. 15 

64. 2^-Di-^/Hchlarophenyl^l^7tt-r^ add. 

65. 2,5-Di-<p^orophenyI>l-^methoxypIienyI)pyrrol^ acid. 
66..23-Di«</M&lorophenyl)-l^ add. 
67. 23-Di^(±lorophenyl>l^nitrophenyI)p5TTole-3-acetic add. 

20 68. 23-Di-(pK^orophenyl)-l^dimethylaminophenyl)py^ add. 20 

69. 23-Di^^orophcnyl>l-(4-pyrid-4-y^pyrrolc-3-acctic add. 

70. 23-Di-^KJJorophenyl;-l-boi2ylpyrrok--3«acctic add. 

71. ^-Di-(pHcWorophenyl)-l^dohiylpyTrole-3-acetic add. 

72. 2^Di-(p^orophenyl>l-methylpynok-3-3cetic add. 

25 73. l-<p-CWorobenzoyl)-23-di-(/^fluorophenyl)pyrrok^ acid. 25 

74. /-Butyl l-(p-cbtorobe^yl)2»5-di-(^fluarophenyl)py^ 

75. /-Butyl 2^-di-(p-fluorophenyl)pyiTole-3-acetate. 

76. A compound according to Claim 2 substantially as described herein and 
■ shown with reference to any one of Examples 1 to 39 and 44 to 57. 

30 77. A compound according to Claim 1 substantially as described herein and 30 

shown with reference to any one of Examples 40 to 43 and 58 to 61. 



78. A process for the preparation of a compound as claimed in Claim 1, in — 

which a substituted butane precursor of the pyrrole, furan or thiophene nudeus is 

*~ "cyclised by treatment with a cyclising agent, the substituted butane precursor being 
35 appropriately substituted by the radicals Ar, Ar 1 , Z and R 1 , where R 1 is the same as 35 
R or is a radical convertible thereto and being further substituted at the 1- and/or . . ~ ~ 
4- positions by reactive atoms or groups capable of reacting with the cyclising agent 
to form the desired pyrrole, furan or thiophene nudeus. 

79. A process for the preparation of a compound as claimed in Claim 2, in ' 

— 40 — which a substituted butane precursor of the pyrrole, "furan or thiophene nudeus is ~ 40 
" cyclised by treatment with a cyclising agent, the substituted butane precursor being 
appropriately substituted by the radicals Ar, Ar 1 and R 1 where R l is the same as R 
or is a radical convertible thereto and being further substituted at the 1- and/or 4- 
positions by reactive atoms or groups capable of reacting with the cyclising agent to 
45 - form the desired pyrrole, furan or thiophene nudeus. - ~ — ~ 45 

80. A process according to Claim 79 in which the said butane precursor is a 
compound having the general formula 

B D 



A—C— CH- 



in which A, B, D and G are selected in any order from Ar, Ar 1 , R 1 and a hydrogen 
50 atom, and the cyclising agent is capable of simultaneous introduction of die hetero- 50 
atom, 

81. A process according to Claim 80 in which the compound of general formula 

B D 

I! II 
o o 



is prepared by reacting an enamine with a l-balD-2-ketoethane. 
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82. A process according to Claim 79 for the preparation of a pyrrole in which 
the substituted butane precursor is a compound of general formula 

fi D 

A--C-CK—CH— C-G 



in which A, B, D and G are as defined in Claim 80, which compound is heated in 
the presence of ammonia or urea* ^ _ . 

83. A process according to Claim 79 for the preparation of a furan or tmopnene 
in which the substituted butane precursor is a compound of general formula 
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B 

I 

A — C— CH- 



in which A, B, D and G are as defined in Claim SO, which compound is heated with 
a dehydrating and cydising agent to give the furan or with a sulphur-donating de- 
hydrating and cyclising agent to give the thiophene. _ . 

84. A process according to Claim 82 or Claim S3 in which R 1 is an aliphatic 
add ester residue joined to the heterocyclic ring by a carbon atom of die afiphatic 
chain which residue, if desired, is hydrolysed after the cyciisation to give the aad 

15 residue. . m , , . . . . - . 

85. A process for the preparation of a compound as claimed ra Claim z in 
which a compound of general formula 



in which Ar, Ar 1 and X are as defined in Claim 2 is subjected to a Reimer-Tiemann 
reaction by treatment with chloroform and caustic alkali to introduce a formyl group 
which is then converted into the desired group R in known manner. _ ^ 

86. A process for the preparation of a compound as daimed in Claim 2 in which 



a compound of general formula 

Ar— Ar 1 

25 in which Ar, Ar 1 and X are as defined in Qaim 2 is reacted at temperatures below 
ambient temperature with hydrogen cyanide in an inert solvent which is saturated or 
nearly saturated with a hydrogen halide and the aldehyde group formed is converted 
to the corresponding add group in known manner or is converted to the correspond- 
ing homologated add group by the Arndt-Eistert reaction. m 

30 87. A process for the preparation of a compound as dauned in Uaim z y in 

which R is an aliphatic add radical containing 2 to 6 carbon atoms and joined to the 
heterocyclic ring by a carbon atom of the aliphatic chain in which the corresponding 
ester or nitrfle is hydrolysed. . 

88 A process for the preparation of a compound as claimed in Uaim z in 

35 which R is an aliphatic add amide radical containing 2 to 6 carbon atoms and joined 
to the heterocyclic ring by a carbon atom of the aliphatic chain, in which the corres- 
— „ — ponding nitrite is hydrolysed. - " ~ . . f ."V* i ~ 

89. A process for the preparation of a compound as dauned in Uaim 2 m wnicn 
R is an aliphatic add ester radical containing 2 to 6 carbon atoms in the add residue 

40 and joined to the heterocyclic ring by a carbon atom of the aliphatic chain in which 
the conesponding add is esterified. , m m . 

90. A process for the preparation of a compound as claimed in Uaim 2 in wnicn 
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R is an aliphatic acid radical containing 2 to 6 carbon atoms in the form of its 
hydroxamic acid d erivati v e and joined to die heterocyclic ring by a carbon atom of 
the aliphatic chain, in which the corresponding acid ester is reacted with hydroxyl- 
amine. 

5 91. A process for preparing a compound according to Cairn 2 substantially as 5 

described herein and shown with reference to any one of Examples 1 to 16. 

92. A compound prepared by a process according to any one of Claims 79 to 

91. 

93. A process according to Claim 78 in which the said butane precursor is a com- 

10 pound of the general formula 10 



B D 



[— C-G 



in which A, B, D and G are selected in any order from Ar, Ar 1 , R 1 and Z, and the 
cyclising agent is capable of simultaneous introduction of die hetero-atom. 

94. A process according to Claim 93 in which the compound of general formula 



B 



15 A — C—CH—CH— C— G 15 




is prepared by reacting an enamine with a l-halo-2-ketoethane. 

95. A process according to Claim 93 in which the said butane precursor is a 
compound of forrnula 

-At 1 " 

O 

20 and is prepared by subjecting a diaroylethylene of the general formula 20 

At— C-C=CH— C— At* " 

II II 

0 o " _ 

to a Michael addition reaction using a malonic ester of the formula 

R 2 

CH-CCOOEt^ 

wherein R 2 is a hydrogen atom or a lower alkyl radical. 
25 96. A process according to Claim 78 for the preparation of a pyrrole in which 25 

the substituted butane precursor is a compound of general formula 



B D 

__j 



in which A, B, D and G are as denned in Claim 80, which compound is heated in 
the presence of ammonia, urea or a primary amine Y . NH 2 . 
30 97. A process according to Claim 78 for die preparation of a furan or thiophene 30 

in which the substituted butane precursor is a compound of general formula 



B D 
A — C— CH— <^H— C— G 



in which A, B, D and G are as defined in Claim 80, which compound is heated with 
a dehydratig and cychang agent to give the furan or with a sulphur-donating de- 
hydrating and cyclising agent to give the thiophene . . „,-„w.v 
^98?A process according to Claim 96 or OaM 97 in which R* is an afapfanc 
acid ester residue joined to the heterocyclic rmg by a carbon atom of die ahphanc 
Si, which residue if desired is hydrolysed after the cycbsaoon to give the acid 

"^99. A process for die preparation of a compound as claimed in Claim 1, in which 
a compound of general formula 

Z 

in which Ar, Ar», X and Z are as denned in Claim 1 is subjected to a Keimer- 
TiemS traction by treatment with chloroform and caustic aftah to introduce a 
. ^T^vXch is then converted into the desired group R in ^own manner 
10a A process for the preparation of a aanpound as claimed m Claim 1, in 
which a compound of general formula 

2 



- in wirich Ar, Ary Z and X are as defined in Claim 1 is reacted at t^perat^ ^w 
temperature with hydrogen cyanide in an nasi sofrent f?**?™^™ 
S saturated with a hydrogen halide and the aldehyde formed is converted to the 
S^KdmFadd group in known manner or is converted to the corresponding 
homologated add group by the Arndt-Eistert reaction. 

101 A process for the preparation of a compound as Claimed m Qaim 1 in 
which R is an aliphatic acid radical containing 2 to 6 carbon atoms and joined to the 
hScydic ring by a carbon atom of the aliphatic chain, in which the corresponding 
ester or nitrile is hydrolysed or other protecting group is removed. 

102 A process for the preparation of a compound as claimed in Uaim l in 
which R is aTaliphatic acid amide radical confining 2 to 6 carbon atoms andjomed 

„to the heterocyclic ring by a carbon atom of the aliphatic chain, in which the corres- 

pond^mttik^M^s^- preparation ^ a compound as claimed in Claim 1 in 
which R is an aUphatic add ester radical containing 2 to 6 carbon atoms m the acid 
residue and joined to the heterocydic ring by a carbon atom of the alrphanc chain 
in which the corresponding add is esterified. . . 

104 A process for the preparation of a compound as darned in Claim 1 in 
which R." is an aliphatic add radical containing 2 to 6 carbon atoms in the form of 
its hvdroxamic add derivative and joined to the heterocydic ring by a carbon atom 
of the aliphatic chain, in which the corresponding add ester is reacted with nydroxyl- 

amn *105. A process for preparing a compound according to Claim 1 substantially as 
described herein and shown with reference to any one of Examples 17 to 62. 
106. A process for preparing a compound of the general formula 



Z 




in which X is NY; Ar, Ar 1 , R and Z are as defined in Claim 1 and Y is an afeyl, 
cydoalkyl, aralkyl, aryl or heteroaryl radical which can be substituted or an acyl 
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radical, in which a corresponding compound in which X is — NH — is alkylated or 
acylated, if desired protecting die group R before the alkylation or acylation reaction 
and thereafter removing the protecting group. 

107. A compound prepared by a process according to any one of Claims 78 and 

5 93 to 106. 5 

108. A pharmaceutical composition comprising a compound according to any 
one of Claims 2 to 59; 76 and 92 in association with a phannaceutically acceptable 
carrier. 

109. A pharmaceutical composition comprising a compound according to any 

10 one of Claims 1; 60 to 75; 77 and 107 in association with a pharmaceutically accept- 10 
able carrier. 

110. A process for preparing a pharmaceutical composition in which a com- 
pound according to Claim 1 is brought into a form suitable for medical administra- 
tion. 

15 111- A process for preparing a pharmaceutical composition in which a compound 15 

according to Qaim 2 is brought into a form suitable for medical administration. 

G. R. PORTER, 
Chartered Patent Agent, 
John Wyeth & Brother limited, 
Huntercombe Lane South, 
Taplow, Maidenhead, 
Berkshire. 
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